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I. INTRODUCTION 

As better equipment is developed, more and mete elecn 
tronic systems aze being deployed aboard Navy surface 
Many cf these systems require antsnnas that radiate or 
receive electromagnetic (EM) energy. As the nump 
required antennas increases, piacemenz beccemes a4 freblan 
tecause ci the limited amount of space available on a 
efe fact that a cértain amount of isolation is tée 
between the antennas and because other things must tLe 
@oeo account such as the firing zone of Weapon systems. 
MegieeS 1.1 and 1.2 trem [Ref. 1: p. 26 and 23] ilinstrete 
the wéeqnitude of the froblem. The placement problem is just 
Memeacute Cn a Carrier @s on @ typical Navai combatant, in 
Boe. wCrse cue tc the Larger regu 
most cf the deck must be kept clea 

The effects cfr electromagnetic interference _{ 
ship's electronic systéms can vary 
Mierets Catcui< and clutter cn a tra 
Pepe auction cf co‘amunications, fire cont 

] 


Warfare (EW) systems [Ref. 23 p. 3 


BereGt2yes. pur cut by ¢he Caief ci Nava Operam sens 
(CNO) give guicance to design engineers on approximately 
me=ze <tc put certain LP CeonLome Svc cans antennas. 
Merertune rely, cCcOMMUNICa<cICcns Systems abd their associated 


Meeonnas are not considered high oriority. 

Micelmmics ance Gi COMMURIGAc2cnHS tO an Gndividual shin, 
the task grcup ccmmandéer, and ths other commanders atove alo 
@anmact be emphasized enough. As Wr. Irv 
nical edircr Or Mee as BlectronicssCounztermeasures 


coserved: 
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ace rTotemeee toute a ticary victories <=c outstanding 
gerezals, to, clever strategems, to geographic toD00eqg- 
Eee ye | CeLtalnly tO esprit de corps Jot the combative 
Pee ca? and pérhaps tc ee Tact that the defeated 
@lizacerents had the sun 20 Shee eyes, *hey way alsc 
alluce tc weapcns superiori al ood Supply, .and 2 
Sicratt Logistics. Sa a: ak! We find scant henticn of 
that element cf warfare w Powao seh wee oe Nalrinc= 
meme iG, Cel render the othr Much-queced attributes 
partialuy cr disastrously inetfeccive ie ee DOs — 
tant element is ccmmunications [Ref. 3: pe 42]. 


— Ii ilcoks at some of the systems that ars esre- 


Clhaiiy afrected by elsctromagnetic energy and presents scm: 
examples cf problems, Chapter III will examine the design 
Beeeces= chet 25 used to “ery and cénsure electromagnetic 


compatirility, chapter IV iists some proplem are 
design precess, chapter V looks at sone of che pro 
GSeGur @iter a Ship €rters the fleet, and chapter 


some reccmmendations for the various probiem areas. 
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Figure 1.1 Mast Area of a Typical Warship. 
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Antennas cn a Carrier Island. 
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II. THE SHIP AND ITS ENVIRONMENT 


st So a: == Soa 1 TE A ee eS eS ee 


As technology advances, we are able to proauce egquip- 
ments thet will do ar ever incr2asing range of things. The 


1890's saw the irvertion or the wireiess, the 1930'S Saw the 
inventicn of trader, and the 1970's saw the Navy start te use 


Sie liites fcr CcmmuUrications. 


Eacg system, in its own exclusive 3nvironment, voerferned 
as was expected cf it when developed. HOWEeVer, a weard a 
ship, the many systems that have beén brought together oy 
necessity, must share the environment with other systems. 
Th to Pee tds of a Navy ship is a@ conglomeration ci many 
Syszégas ircluding wearon systems, navigation systems, and 


communicaticns systems that radiate or receive slecticmag- 
Da 


eric (EM) energy. Eiecmeotagh=-26 Compatibility (EC) 
em@ererOore, is Eecoming an incréeésing headache fcr <crpside 
Ges2qn e€nolizecers as they try to place an increasing numcker 
Seeeote Systems in a limiced amount of svace. 
Ae TEE ENVIBONMENT 

The electromagnetic (24) ChVamoOmisi= Wee id Shas Can 
feee- ce the ability cE the ship to properly perform its 
missicns. PivseGel )dageg= Can «nDesul 2 f>cm the ocwer of 
Meanmsticting systems such as radars and ccnamunicazsicns 
S@iecmsnt,; crdnence can detonate, Pe=sChl=. Can be Durned 
SmeecQGUlC@cne can burn out. The performance crt radar équio- 
mene can bre reduced due to noise which covuid cause @ false 
meget FCC Gb;ear On a SClTEfSn Or Ssgquipment cto ba desensitized 
because txigger kilis or blankérs were used in an 2ffcrt to 
Merce =e effect CE noise. Tactical limitations can result 
Meme=toain SSsnscrs must be turned off or cperasted within 
Mereetanrtew l2mats ir coder to aveid mutual interactions. 
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(sclar and cosmic noise) sources anda 
2. Man-made {equipment emanations from 24 
tadar and communicaticns systems) [Ref 

Oniy the latter can ke conerelled by design. 


When the electronic systems or a Ship are 


ship 
beccmé¢ a time-varying elict SOWA eee 
governed By Maxwell's <quqesons, not = Shee 
Q@ static cperational 2nvironna: nt { Ref. 


Wee CCH ECHENRtS fa SNat (pECcpulsi:on sys 
seapcns systems étc), are usually developed wu 
Sep it tind. 


En generai, sugosystem desi if 3hs d6 3207 
[mach Szanding ck the Cvere Shap design 
Parts cula=, mncst sub svstan igners do 
their subsystem ~REacts Ene Aiea Gal chesac 
Bericumence cacabi Beo@e Dg eoiltp 2S a Sy 
Be. C7]. 


C 
y frocklem when compared to accomplish 


q) 


sal some instances, it was standard practice 
certain seatch radars and communications 
@eepeoisseie alert conditions were set in 
Wemkan [Ref. 7: p. 51]. 
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Es TBE EQUIFNMENT 


PwecCHUUINiCadutOlL= system 


= =< ae oe Cee «a oe == ab «2 as SS 


En Veco, Marconi demonstrated wireless ccmmunsce- 
tions to the U. Se Navy [ Ref. 8: pe A}. awe 
installed on the USS New York, USS Massachus4tts and at 3 
em@re ftaticn. Since that tins, Navy commu 
requirements have increased to the voint where acw zVvercy 
Navy ship has multiple ccmmunications rtéeguirea 


voice, data, and m@sSage transmissions. 


Frequencies are aliliccated DY "2S meee el Nae Ore 2 
Teleccmmunications Union (2rU}, Waich allocates ne 6 
MeoGuency Spectrum te the ccuntriss of the world. ihe U. &. 
Ma curin aliccates ftrequencies for different uses, Succ. as 
aMatuer bands, citizen's radic, broadcasting, fixed, 22r0- 
nautical racio navigation, land mobile, meteorolcgical aids, 
eereeilices, and governnert utilization. permet (alecec3eao) 
helps tc aveid mutual interference. 

Navy shios utilize several Cle comctcese aids ° wee 


meeaquencies depéendirg on where a2 Ship wantS *90 transfer: 
MmieOrNaticn. Because atmospharic attenuation (weakening o2? 
Signal) increases as frequency increases, lower frequencies 
em@ed aS HE (high frequency) are used for longer range cver- 
e@e-ncrszcn (OTH) ccnmaunications. Highar rregquenciss fZuca 
memes (Ves y high C£requency) and UHF (ultra aign ftreguency) 
mmemegeed 6£Cr Shertst line-ci-sigh= (LOS CoaMEn2catioas 


) 
Meelis Q-c£ines the i1S2 of frequency bands [Ref. 9: 3p. 


4 


The higqner the frequency used che nore Ieee PCak oe 
transmitted per channel as wider bandwidths are possiktle ar 
Meeaer trsquencies. For instance, the pandwidcth betwesn two 
and tkree GH2 is much wider than the bandwidth between <wo 
and three MHz Data rates can be shown by Shannen's Law: 
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Gus -eozenH tog (1+ (S/N)) , (eGee 2.4) 
where cC = the maximunc rnumbér of bits/seccrd; 
H =SGomoawa2dth: and 
S/N = signal tc noise ratio. 


The Navy uses satellites (satellite use 15 censid- 
ered LOS) in order tc taxes advantage or the higher frequency 
tands, such as UHF and SHF, and the higher data rates 
sossirle at these frequenciés¢s. Sa 2eliices, ROWever, are 
eubject to wmalfuncticns and cannot be depended upon in 
wartime Situations. MNererone, Ships Carry a variety of 
eccmmunicaticns eéquictzent and antennas in crdéer tc use 
several cands of frequencies at ona time. Seie Ul? Sida vas 


ct 
ct 
aes Se 
(i) 


Beeguencies ere utilized within a battle group so tha 
Weeate wet acCaChwecne = With a Dreauced risk 9 
2d by the enemy. ewes Used =cre Jes 


several hundred niles. 


Cot:mum antenna iéengths vary as it depends cr the 
feequency it is being used for. Tne lowsr the band of 
Srequency, the lcnger the antenna length. The length cf the 
antenna is caiculated by: 

= c/f, CHG Ta 2c} 


Q 
i) 
ct 
sa 
(D 
17) 
48: 
@ 
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TABLE I 


| 
| 
_ 


Frequency Designations 





f 

! 

| 
( 
{ : 2 
{ Bend XanQIs | 
| ELF (axtrem¢ely lew freguencies) 30-390 HZ 
| VLF (very low frequencies) S= 50 KHZ | 
{ LE (lcw frequercies) S0=200° “KAZ 
MF (medium treguencies) oa MHZ 
Hr (high frequenciscs} 3-30 MeaZ | 
{ Wioeveny Bligh treqduencies) S0=s0 0 az 
| Whe etultsea High Ef=quencces S0U- S00 Ger nz | 
S89 Oe high frequencies ooo GHz | 
RHE (extremely hich trequencies) 30-300 GHz | 
a CS ae ae ae a ea ea | 
The ideal antenia is a quarter-wave vertical 
antenna. [iiemeer = pcGurineis ssscom 2-30 MHZ so tae 2 MHz 
frequency tequires an antenna 123 reet an length and the 30 
BHZ frequency requires an antenna which is 8.2 fiee- long. 
Meemetzs £2. antenna iS 00 lara to sealisticaily place cn a 
eyes, Sc the Navy bat adopte Guo or boot VeGt lca! -\(wnap) 
Meeenid aS its standard AF antenna. Agweanas fos. c7™ her 
frequencies Bomon dye core mt SiZ2=s and shapes, <=he UHF 
Smeennra AN/WSC-3 25 3 4diSh type antenna, but whey alse pese 


n 
placegent preblems on board a ship as, i 
Fand antenra they must hev b 


mecrectriate targe+. 


Radars have two primary functicnas, surveillance and 


time cking. A surveliilance or search réedar searches a volume 
Meeseece and repcrts the detection of targets. er eek ona 
Memar determines the time history of a targe-. It must be 
eee ths initial pcinting infcrmation in order <tc acquire 


Cc 
ee@melccK Ch a target. The < RPR2Ue ence be “stecked Unaci 
S 


p) 


Ww 


rg 


— 7) 
nterte 


rh 


¢ 


Memos nce lencer considered c 


= 
Ww @ 


1 
ts 
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ct 
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There are three types of fC 
surveillarce and tracking: 
1. A track-wkile-scan radar correlates detection resrorts 


as the radar ccntinuously scans. 


Pemeek tleck tadaz with Search capability can séarch a 
vclume of Space and detect a target. La @& Geeo= Or 
is made, the radar can aim its antenna bean ian thse 
@2rectson Of the™earget. his type of systew can 
usually track cnly one target ac a time. 

Bae AGciic Deameyor inertialess beam Steering has tne flex- 
Wieiemvere Cc SCHeAUdo dts Search ~Or treck functice® in 
SeyecLEeccaOr as necd>c- Its antennas are not 
SemaetmrakicG.stG Leota.~c St a Fixed rate, nence i= car 
detect tracks anywhere in its detection veliume sna 
EAs Ie p-Gionm a. SU=eyaItlance ELunctionr. 

Wotan crs bev méentionsd types of radars axa 25 
and 3Lf radars. Awele GeGarateadeUres ceSget Tange, AazZiguth, 
and elevaticn. A zD radar measures target range 2nd cns 
angle. Fer example, a radar that m2asures range and height 


} 


is scmetimes call 


iD 


a” erhetG) crs Ges. 

There are tac apprceaches to identifying targets, 
mevemiceyc 2 ileacion Friend/icentiftication Friend cr Foe 
3 r 


meleanae Space Crisct deme weacation (SOI). ea Sy ia we 


Gn the” terge]c. Beeweergcessends back a reriy 
i 


der 
Memactaendly) as t¢ target identificaticn, tange and alti- 
nha 


ct om 
or} 
(Qu 
(iD 
Py 
a 


Bretodrrs< CORTE OL {ALC} Tadez is an a@xenmecle of 
2 An SCI system us¢ what is known as & $Kin 


m 
: Pe liidimates Ce bacing satell 


bs 
. 
e) 
2) 
t 


n 

resulting in ar amplitude versus tin 

target. The reflected signal is analyzid to determin 
get 


ES 
characteristics such as sizé, Shap¢ and tumbiing 
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Radar freguencies are aliccated by the International 
Teleccmmunicatiors Union (ITU) roe  cNemeCOUMTIaGes Of the 
world. Weert es el cGcated Tadar Erequencies, the U. Ss. 
controls ceértain bands for certain purposes so that the 
Merforent Ladart EquiEMent do not interfere with each cther. 
These frequencies are specified in chapter 4 of [ Ref. 10] 
end are listed in Tarle II . 

Siapceres OfwRet. WOVMccntains the criteri ROL 


certain ecuipmert ckaracreristics to ensur 


f 


erlia 

> an acceptatle 
g 
© 


Gegqree cf EMC among radar and cther systems sharin the 
frequency spectrum. The criteria are combined with opera- 
tional requirements such as power, SomeicevilTy, pase 


Mmepetiticr rate (PRR), pulse duration, pulse ris¢ time, and 
d 


Ww) 

tt, 
bat 
ct 

> 
wD 
tt 
ib 
EC) 
CG 
wr 
t? 
iD 


range cf radio frequency emission *09 spec 


——— a eee ee es eee ee ee ee ee a ee ee a eee eS i SS aaa eC a | 


TABLZ If 


| 
| 
Radar Frequency Bands | 


foo 
Te) 
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{an 
taj 
ty 
‘D 
1Q 
Pr 
iD 
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Range 


MHz 


MHZ 
MHZ 


Ho © 
ro 


°C 
ty 


MHZ 


& 
© @€ 6 POODNOOCOMNE 


AN AMC Wet Ga <s 
CC 2 eee ole) Der 
Ww MWON~ItWhOrhs 
® poe © e UNO O.wtOh Ww 
= lS UU IO OUI ONs) 
(breb!itvb tt ¢ bb tb tt 
COR) aed od ed OTL XO ee LO & DO oe 
NET OWI Fb & 
NOs & ~J01M Oc 
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| 
| 
| 
| 
| 
| 
| 
| 
| 
: 


meager freguencies. Then, depending on the use of the parti- 
Cular tadar system (short, medium or icng range) ct her 


Mmeerors TUSt be considered. 





AtmCSpneric attenuation SWemedses as rrsquency 
jacreases due mainly to microwave absorption caused by 
CXYGE€n and water vapecr, so lcw frequencies Vile anid 1, 
Fands) are used for jong range radars (distances greater 
than 100 sautical miles} while high frequencies are used for 
mediuaw and short rance radars. Medium range redars (50-100 
Mm) cpérate in the S$ and C bands while ‘shert range radars 


(less than 30 na) use the X and Kk bands of frequencies 


eal 


Se 
; coh ena 


SEA LEVEL 
(RAYLEIGH) 


ine Pett 
C.008 


j re ae ua 
0.1 


= 





ATTENUATION COEFFICIENT o tkMa”*) 


at (MICRONS 1) 


Figure 2.1 Atmospheric Attenuation. 


(Ref. 11: p. Wy. Figure 2.1 fron [eee 19 1D. 
the atmcspheric atteruation cce 

4S as a function cf wavelengt 
ePoCtLun. AS can be seen, the time of the Mec We lo fe ee. 
the attenuation coefficient. 
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C. CAUSES CF PROBLESS 


1. Eroadband Nois 


5 


Ercadband necise is generated py the ship’s huil aad 


Gi 


@eher Structtres near high powsr radiating sources such as 
HF ccmmunications transmitters. The nois¢ is chatactceri 
ky internittent noise bursts (Similar to those generated by 
Saeesecrical Storms) that can affect porticns cf the cornu 
caticns ard radar frequency spectrums. BeOacka ud Bers= Cc 
Bemg-nerated by locse peints ci contact at meta 5} 
tions that are subjected to radio frequency (RF) curren 
mmom tlanSsMitcing antennas. These currents can ca Lc 
aeeche junction. Ciher Seusees OF HOLSS include metallic 
Semect=S which carry induced RF currents and whic 

Medeh each Cther Lntermitcerntly while antennas are tradi- 
send. When the métallic objects max2 and breek 


Pearecs cf neise are produced. 


¢- Intezmodulaticn 
fe ewemeMrOrcCame te UNdetStearad a lit=l=s abcut jater- 
fetulat-cn interference (IMT) because it can cause 2 
Seas. Gezaeklie amcunt cf probiems. Meee EMOduane oon in =eter — 
See= Can disrupt the operation of receivers in tares tays: 


tt 
eR) 
eae 
bo 
1Q < 
A 
aa) 
tt 
ct 
aa 
ov 
£ 
1) 
A 
ct 
+ 
(D 


ie 
fe ff =he I8L ampilituces a 
receivers can optimally handls, the sénsitivity of 
the receiver wili be reduc 
2. I€MI can mask cther commu 
Ey Being ch c¢r near the freq 
and, 
Beef"! 2) COmpenentsS can be mistaken for true signals 
(Hef. 123 pe. 209]. 
Intermmodulaticn (IM) products are gexetace 
mee ks Tadic trans#itters induce RF currents through aca- 
dinear junctions in the ship's hull and superstructure 





SoC GGECCEC Gre rusty jeznts cx bolts. This 1S commonly 
called the "rusty belt" effect. The non-linear juncticns 


create IM erceducts which are reradiated = the ship's struc- 


ture, this preduces undesired frequencies, some ct which 
interfere with Signals that the ship wishes to récsive. 
If £1 and £z aré two fundamenta Irequencics thax 


are transnitted ty the ship, intermodulaticn products will 


re generated which are sums anc differences of integral 


O 
2. 
tT) 
t 
ey A 
Mm 


Multiples of the two frequency sources. Table Lit sh 


. 
| 


—— 


TABLE ILL 


Internodulation Products 


{ 
| 
FRECUENCY PRODUCT CRDER } 
Slt =. -L2 yy ; 
eet ee 2 S { 
PoC) 5 Ld 3 
jae a, 9 fa 4} 
Zil+/- zf2 4 
Bl ME 7 Aa aa 4 | 
ro tae er 2) 
PAB af ae 2 | 
3f£1 +/- z£é2 > { 
Gil +/- f2 =. | 
| 


pan 


requency combinations possible ror ¢! 


: 
fs 
RY) 
On 
Oo 
nw 
4 
fu 
7 
5 
4 
(@) 


q 
Maes ctype cf non-linear junctions usualiy fo 
Beeavce cdd-cordered harmonic products tana 
Maen these ci even-cidered harmcnics. 

iomalitwemwouelNtelrModulaslon oroduccs inc 
Froduct crdéer and tke number of transmitters increase as 
Shown by Table IV frem [ Ref. 8: p. 44). 

Pvomeme ec Gi ficren. equipment Operate in di 
meeagucncy bands cr the spectrum, IM products could interferes 


rFecausé harmonics up to z~he 60h order have been detected 
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TABLE IV 


Procucts for t to 710 TranswWitters 





NUMBER OF ODD-ORDER PRODUCTS 


7 
MITTERS ee oe fm |e 
st 


| | __19,605 | 
sate | 7718 | e650 | Tosi 
14,407 
34,232 
74,313 
49.80 


Bee sune 1S61 and lists some cr the cypical causes of hull 
Generated IVT. 


Te. EXASEFLES OF EROBLIENMS 


Mmhtsesecci10n ists some unclessified ‘«xauples [ewe ) 


¢ 
Mens cuc =C Equipmert interaction and dssign, some of which 
have ce¢cn solved. 








accommcdation ladders 
antenna fedestals 
artamcrec cable 

awhing supports 


péelayir ins (sicnai 
ee? Flag halvards) 

beat cradles 

beat grires 

bclited flanges or fanels 


pending end gz ounding 
etIaepe (detericrated) 

(refueling and cargo) 

carle clamps 

Sacanets 

cancpy supports 

Cmca satccy Links 

eenduit 

ccver flates 

cranes 

davits. me 

Mcaanilar me*al jcints 

Gcezs | 

mealies pes  . 

expansicn joints 

ferro-magnetic hardware 


TABLE ¥ 
Typical Causes of IMI 
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| 
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garbage chutes 


Latings 

handrails 

heas=: Cables 

NeGkSteris 

ieadaders ; 

lates jacket heldéers 

Moce linss ; ; 

Lire fact hol@ers an: 
racks 

masts 

Sedan Waveguide a 

Pisgsug : 

muse, ©2 CéPicdced occlts 
and screws 

scuttiess 

shackles 

Sea cul Oons 

Seleads SeGts and ans 


Trane lias lof 
Eica Db ack les 
waveguides 


ol 
zlag 
CC 


= 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
| 
pocms 
! 
| 
{ 
| 
| 
| 
{ 
| 
| 
| 
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fa} 
cmt 
re) 
(1) 
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a a age FE ee Se me a EE ge ee ee ea a el 2 ee SE ee ee ge ee et ce coe Se ee te 





NM antenna systems Water wasndown Systems 
Soda. > Wee Ses.) COVeELS 
mezz les Macisen. Lacis ena 
footropes 

SS Se a ae eee EP > ae ee ee ie a ee ee —) 
The AN/SPS-10 radar, Wien ‘ODeza ces 22 2h]  C band, 
causes interference in HF réceivers. pial = aan eas 
Slee nad cpe Cia =aGC=eriStic Sound cf ‘the AH/SES-19 
(Gr seO> UNpU1SE8ropstizion rate (PRR) } in tne 19 MHZ 
tc 28 MHZ range, [Ref. 8: p. 46]. 


rae (on ete Mb 
tke AN/SSEG=-53 


tecpside structure 


Emahations 
(GECS) 


associated 


66 90g 
of Bacar Oe 
transmitting artenna, and ed 
cf the GFCS maskiag incoming Low-level conmunic 


Saudis (nef. 62 ps 46]. 


Ze 





The AN/SES-37/43 tadar causes ianterference tc ths 
me? 


Giese y Gere rside electronic receivers. ae 37743 
series radar generates broadband energy via an are 
diseterGemmCCGULTi ng) 20 Gi:cher the antenna tctary 


jcint and/vor loose metallic items in the radar's mai 


tJ 


beam. Arcetype energy is detected on reczivers cper- 
2 


Miz On at least one ship, energy from the 2-6 MHz 


WN 


ND 


atang above 3.5 GHz. The 43 radar operates at 


feeecladstttee@ng ada-cceea caused IM products to b3 
SeGiuce@@mmOlt CE nearby  flignteeideck ficod lights. 
When the AN/SFS-43 radar was operated in e 
100 kw, the emanations combined with the IM radia- 
mens =O) CauSe arcing am aeil the joints of «he <flcod 
ieucivec at Gur lecdstigh: Styuccucss, (Ref. 8: p. 46]. 
Mutual incerference between the AN/SPS-57/-40/-43 UHF 
tadars and all UHF communications, =WCh. ae. =n 
AN/SRC-207-21 and AN/SASC-3, An cause lost messaqes 
rmepee Vv ehemec Licceivcutargds. de@tecticn and tracking, 
(Het. 133 p. 6-14 ]. 

Mutual interference from multiple weapons ccntrol 
redars can cause s¢li jamming +c weapons ccntzol 
Systems, {aef. 8: p. 8-16]. 

Mee dmGadass Cag Gause an oOverlcoaa on Electronic 
Warfar MMJESVST OMS OSSPaclLOnsS and inzterferrce which 


Scmeeeve aaa deceC- LON CL Saicnaels of interes: ty elec- 


we (evsernes surveillance measures/feleczrenic 
ccuntermeasures (ESM/ECM) systems, (Ref. 13: De 
Hees) es 


Link 11 transmissions and the AN/SPG-9 (Mk 86) sSvsten 
have been shown to dégrads the AN/SSPN-35's ability to 
Pecveccu co stqbtlizged prscision approacn for landin 
pieomcur se Refs 132 ps 8-22]. 

When SPe=3)/ 7-45 alr seasch radars & 


a u 
alarm shut dcers on AN/SSPN-41 slsvation transmit72ers, 


(Q 
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Tess c£ glide slope display during Automated Carrier 


fenoiugGuaeaysten (ACIS) Gpelations by pilots, and 
epoking interference on the AN/SPN-43 Marshalling 
radar disrlay sccpe preventing proper dastecticn and 


Conve ncimormaiTerait, [| Ref. 133 ps. S=24 ]- 


& 


LO 


» wWkén a Ladar Is pceinting to 
Hema s Eerleczra Erem the flat 
which returns to the radar sys 
Pomenewdl-eectichn. Of the ~@bstruc 
atcr sees twee tatgets on hi 

eee a lS (Nemo cOs De 4/7 


n 
cme shios <¢h 


whic 

i@. Crs t = AN/SPS-10 radar is located cn the 
Oeco Mast. iepeese cmmemwesde ct hes =G Leck through 
Several CostrucauLions. Geren two ccmmunications 


ecmeccese ch, {Kef. G: p.- 48 j. 
fi. T D cases where radar emissi 
enished at sea have 


D : Cc dG 
Pooch @lo Teecialisic ON che Freplenishnen= shic tc 
R Z 


e 
Sree some tee hehdeac ly (ONut of contrci), f{ 


The abcve were recorded examples of EM prebliems. Wisece 
Mes= Ct them did not seem tc be lifes threatening, they could 
mec et the combet capability or a ship. Bagt@ae 2.2.2 220m 
[maer. S55 YP. Cre = tao an ee st eicl> Ob Combat capability 
assessment. iimewecotiere iluszsated the oecssioility cf the 
eect romecnetic envirtcnment degrading the tracking ability 
Been accuisiticn tadar by as much as 20 4% if time tc go 
(TGO) wes specified as tha earlissct time to detect a given 
meeges ahd a 50 & frobability of acquisiticn is assumed. 
The dark right hand curve shows the radar's ability tc track 
in izee space and the dotted line depicts the degraded cara- 
pa ty. Prewenange Guc £6 the EM Environment is calculated 


Semre abcut a 20 & difference. 





Given 
® NOMINAL CONOMNONS 


aN 
S @) Puastronu Geowstay 





TGO SHIPANSTALLED ACOUSITION ——®, 


TGO “FREE SPACE” ACQUISITION 


AEM ENVIRONMENT 








megure 2. 2 EM Environment Effect on Acquisition EKadar. 
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III. TOPSIDE DESIGY 


TEig chapter begins with an overview of the desigr 


Erocess fer the topside configuration of a surface shif. 


A. THE CESICGN PHASE 


= 


Bemeee 4g Ship is cuzit, these must be ar 


(D 
in 


(us 
rh 
© 
HH 
} 
cl 
= 
ct 
Qj 
i? 


~~ 
eS 


Mavyecaonurct arbitrarily ask for a ship without a 


tn 
rg 
MM 
@) 
j te 
th 
}4 
@) 


Threat 
JCS-J SPD 
~elLabtbegy 
SECDEF-Defense Guidance 
REQUIREMENT 
CNO-POM 


PROGRAMS 


Figure 3.1 Planning Phase of the PPBS. 
purpcse. esr Semsc ep 15 Semielus@eated ianwtagure 3.1 and 
Beger= when the Joint Catef| cf Start (JCS) issue the Joint 


Beeatecgic Planning Decument (JSPD) which 


the advice 


2 ees Ss Cec a NGsmcO fn. Possi cen the 
MeeaOnal Security, and cthe Secte-ary of Defense (SECD F) 
Seethe filitary Strategy and force structure required te 
mean the National Security cpjectives of tne United 
States [Ref. 143 fpf. A-11]. 





The SECDEF later issues the Defense Guidance, a documens 
which prevides tke guidelines that must be cbserved by the 
gcCS, the Military Departments and Defense Agencies in the 
@eamulaticn of ferce¢e structures an the Five Yea 
Puan (FYCDE}, especially with respect to <tiscal con 
This guidance is based upon the JSPD, as amended, ¢t 
décisicne rade try the President cot those made Ff 


Along with the cther services, the Navy submits its Focaran 


Chjectives Memorandum (POM) which expresses the Navy's 
Pequiremerntse in terme of force structurs, manpower, material 
and ccsts to satisfy all assigned czes een and 
Mame taons during the period of the FYDP. 
1. CNO Lev2i Plaraing 

After considéring the Navy's requirements cver the 
FYDP, the Chier ci Naval Operations (CNO) matches his as¢eéets 
mo .he Bese eats Myea=S2aning Specific missiens ¢t¢ his 
Meer cCENS (Snua,, SiubWerines and aircratt). Lf it is disccv- 
meg that a hew pPlatfig@rm is needed, 1.2. a Ship, the initcal 
design precess begins. The mission and requirements for the 
Gesizred ehir are defined and an Opsraticnal Requirement (Cr) 
Mme kRedUired Operaticnal Capabilicy (ROC) is issued. 

Peeceds. set y S-udy as dOMe <O cetermine if 2a ghip 


Can bre designed that will méet the OR/ROC and cthéexr cernst- 
q 


Ment = ech aS Size, cost, mannin 


Seay also identifies the major teéchaic asscciated 
Wath eiternative a@esigns and provides the basis for s¢tting 


Nex= a conceptual design is done +0 develop a 
Conceptual Easeline (CBL) Pacxage waich includes désign 
Bere Crale, welght estigaces, weapons zquipment list, manning 
Meoe, cClectronics space, geéensrai arftangemen«=s drawings and 

opside arrangement among its 16 areas cf coverade. A 
Gears icp Level 5 en (TL&) Sowa vOone=  GCenceps ual 
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Gesign preduct and defines the cberational réquireamencs of 
mmemehie tO be produced, che ship's missicn, configuration 
constraints, manning limitations, maintenance and supply 


concerts, and mirimumr operational standards. 


It Cefines what the user (CFNAV) _exrect= from the 
Becaquct as pean MpeGmereonem ene  PDrcCiucer, che Naval 
Mater: Ss Command (NAVMAT) [Ref. 15: p.66]. 


Memeo cCcrestcnds t¢ Eleck 1 cz fagure 3.2 Efron [aef. 15: p. 
66 }. 


Refirement of the TLR occurs threugh an iterative 
process involving OPNAV, NAVMAT and the Naval Sea Systems 
Command (NAVSEA) tc ensure that there is a clear under- 
Meemgding cl the requirements, that ch2ey can ce vst, and chat 
Mme Shit cen be froduced with present technolecay and 
mereurce>s in a timely tanner (block 2 of Eigura 3.2). 

Gonceptu2zl design is follows Sy ine peelininary 


iicechazed Shir System Such 2n2t <<hs basic ship size 
anemia uta. sen “wilt 20% Gheneemaased COLT Sact 
désicn; 

Meet e aCiiecve = functional definiticn og iintegra<ed 
eo Se OMe S2leGaa-d) ECE Opz2Mi zation of total ship 


beELOrmance and Cost ; 

3. previcde a technical baseline caliei a Functional 
Faseline (FBL) B@OrwuUnS SDStoas= Sysztems AcGuls:trcn 
Brcmjey Pewee CUrG= a (DGANC) Gl cClOcess;: 

Me CummecsSUr = d¢éring=eton Ob th= Ship so “he isvel 
Pierro G 9EOm d |emass C COSt E€Stimacs (lowest bridget 
Quality estimate) ; 

Mum~m~mpcomocl=Ct ms ti gal d2Sign Criteria f£oz characteristics 
Gwe mecnt--meanhd sce ProOTSc=zion Consistent with 

S 


at 
GeeeeeonGde Gert Criance ODeamMiZzavlon Of th 
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Develop NAVSEA 
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Compromises{‘Problems \Evaluation Topsice ‘| Ferformance 

g Exist Arrangements]Analysis 






OK 


Supe oserua 





Design 


faqure 3.2 EM Systems Portion of the Ship Design Process. 
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ja TtemGetrtrm the desigm=to-cost goal, and; 
7. validation of selected subsystems { Ref. 16: p. 29]. 
2. NAVSEA Leve. Elanring 

Prem ior levedmonecercrcation (TLS) (bleck 2 of figure 
Ee 2) is én cutptt cf the preliminary design and states what 
MeavVSEe aS tae cegnizgant Ddecducer (fcr NAVMAT), Tite Paseo 
rrovide a¢ 4a soluticr to OPNAVY. 

@uc- ween ec Disclaminarym@edesign is approved, 1+ is 
translated inte a contractual package and put out to bic. 

3. NAVEL2X Input 

Althcugh NAVSEA is thé respo ble producer 
(designer anc manager) for NAVMAT for the cverall ship, tne 
Naval crlectrenics Systems Ccnmani (NAVELEX) is reéespensitle 
mec i= ater. Ors Ow the ComMurications, electronics ccun- 
terméeasures (ECM) and intelligence spaces 25 wail as tne 
associated antennas. 

CxCc documents Such as the TLR or cha OPNAV a@pprcved 
Pemepe Chetac=eriszics will stat= specificeliy each antenna 
@eemeewitll be used by suriacs ana@ air search radars, navidga- 
mor, =Ci, Pardee Pum hat. con /aeacki ag, Rolfcelne ak ech) eltere ale ra) 
@eaend cr fce {IFF) end so on. These antennas can be sreci- 
fied kecause they are the latest generation availapile. ‘ipa 
an antenna is in the reséarch and develoonent (RED) phase, 
Meade 25 caken into account and its anticipated srace and 
weight are allotted cn che shipboard material Jlisczing and 
tepsice design analysis sc that the new antenza can be used 
when it keccmes available. (Diioieiqns SOT ti/qure 3.2). 

The selectior of communicaticas equipment is nade by 
NAVELEX utilizing guidance from dceccumsnts Such as NWE (Naval 
Semeeere EUDIAcation) 11-1, “Characteristics and Capabilities 
em US Navy Gembatant Ships" “and NWP (Naval Wazriare 
mieacazicn) 4, “Basic Opéeratzonal Communications Dectrine". 
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A shio's mission areas are eval 


u 
priate ccumunication system needed to support e 
e 


ch aréa is 
selected. MeeCineciteteateal ysiSeus dalneiss categoriz? ¢ach 
C2ncuit as to usage, frequency range, transmit/recéeive, 
e€mmission mode, Simplex/fdupl¢x anda so on. In additicn, 
Smecuits are looked at in terms cf which reed dedicated 
eguiprert and which wight be able to snare equipmenc. Once 


the needed circuits have beer aa aaa sabia such as 
MimeLe, fratching equicMment, antennas, MmUiticouphers, tran- 
emitters anc receivers are chosen to eee | Pe (Cie Cul: 
Mmeqmerements and Oleck 3 of figure 3.2 is conuplieted. NAVSEA 
BeePate= a poclaminary topsiag= configuraticn cco@plete with 
Meemetacement CL radar systems anid forwards *his to NAVELEX 
for their recommendaticns on the placement of communicaticns 


antennes (block 4 of figure 3.2). 


After NAVELEX StelMoAsS ChS CONMUuxNICatlions squip= 
Bent tnat will be used, the Naval Ocean Systems Céenrzes 
fey 2n §6San E2egc, Caiifornia cz Chu Assecidtes in El 
mager, California is tasked with building @ 1/866th scale 


Ijeeess model ci the prcoveosed ship ffom tne wa 
foemiciced Oriset Drawings £Eer actual Aull conftiguraticn an 
Compartment and Access (C&A) Drawinads For act: 
Sae> COnfigquraticn. Mikes rt Lue ume 6 <b 
electromagnetic (EM) environment in the dbign 
Spectrum ar¢e modeled. 

Poco namer su] E€CERSt=IU.CT iC 
neering judgement is used to saléect f2a. 
communiceticns antennas uSing prelimin 


drawings 


aben the brass model nas been completed, the ectual 

Elacement of broadband HF anténnas is started. Die S2ceess 

involves measurirg artenna impedance to establish adherence 

to assccieted equipment requirements. “hen an acceptabls 

ce¢Ssigqnr is achieved, actual impedance matching components can 
© 


meaeauel Ssaitp instel laticn. 
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These tests are done on a model range with tae Crass 


model claced on a rotatable 20-foot diameter platter capacris 


ci simulating different sea stares. based on t2st wsasure- 
Pen=~s, chances ir antenna lecaétion can be made fairly easily 
Semetne <tOpSid= stzsucture of the model. Eventually, ar 
cptimum artenna placement arrangement may be obtained. 
Acccrding to [{Ref. 17:3 p.40] brass modéiing 
Pee rleececccumodet*S amye GSqrcS or superseructure detail 
Without a ccrresponding mecreas= in. tHe CC Sha Os 
couplexity of measuring the voerformance of individual 
antennas. Also, once a detéiled orass model is in 
Laiven-ory, the model neasurement approach is a yuick, 
meliarle and accurate means of agatermining the impact oc 
proposed alterations to the ship topside =EulGcuL eC i 


antenna arrangement 


Cnce a modél has been ouilt, cther benefits can be 
eameeved including verification of wsapen fiting cut-curt 
Bomes, acceptability of radar locations as related te tu 
Peglus, potential radiazion hazards (RADHAZ) solutions, and 
M@denrtaiticaticn cf intermodulation interis 
lems. Wie cli-CcEOMaebpst ic COMPatiabaiicty < a 
be dcne if croposed communications e2guipments are kn 


Maen ify reqtired intersystem isolation. 
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ct 
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ct 
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meeangement sketch tc NAVSEA in its ¢< 
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5 ct 


mee, Shic tcpside design and top 





peeemeewer == bicexs U and S Of Figure 3.2). At this pcirt, 
the placement of weapon systems, the lecaticn and tcrm of 
meek, tke dUantity and structure of the masts, ¢tCc., ca 
etiil re chenged hy NavVSEA. 

Scm¢ of the things that NAVSEA must keer ir mind 
when C€cire @ topside antenna arrangement (block 5 ci figure 
Bec) ate; 

femeeweercn systems lecati@me= ang the resultant firing cut 
cut zones of cuns and missiles 

2. radar antenna placement 

See PSCC UISL ON GaibauSt Stacks 

Pee ©hCAS Gad other aircraft Fela 


qD 
fs 
O) 
a} 
in 
ct 
@ 
= 
OF) 


€ 
5. mast and yardarm configuratiogs 


6 « deck house locatiors 


Wee cerc¢c handline equipment, Feadad2ts,  iJiiteclines, and 
Stanchions 

@. HE and UHF trarsmit and receive antenna lLocaticns 

a ESteentennes 

10. werking zones which must pe kept clear such 4s 
SaiGeowe Sa kccrt and Landings, beac unetciasa (end 


E 
The antéenaa clacements must mest necessary EMC stan- 


Mard= cf EMI Teadiataon hazeerdsS tO persorn2il and crdnance 
feel), Glectomagqnetic pulse (EMP), elactromagnetic envircn- 
Paemmoue), end electromagnetic vulnerability (EMV) ( bicck 6 
meer loure 3. zi. 


2 
theeverious AVS EASE TunGtaonal codes (specrticaticns 


Se@edifpatior, hudi, ship, and combat systems) and a récent 


aqditicn, an EMC task group manager (TGM) (ses Ficovure 2.3 
meomey ket. t2s cp. 56)]), work together utilizing tradectt 
studies tc detexrmire topside CSeargutmaraons chat ceme 


Pe 
+ 
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closest tc esting the specified requiremen 
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Powec Cmondmeupdeccd £LOpSidS CONEiguratien drawincs 


are cessed cur te all cognizant NAVSEA codes for as 


Ses 
moeNMAVALS  ICh Mout ch aircraft operations and to NAVELEX 
fet Ccim@ents. The approved final drawings ar2 inciudéed in 
Mecumen cacicn chat is wsed £er ship acquisition {block 9 of 
meggdce 3.2). Future revisions or changes during shiv 
tuildirg cr modeérnaization such as ECP's (engineering changs 
propcsais) are reflected on these finalized drawings as they 
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IV. PROBLEM AREAS IN THE DESIGN Pi 

New that the design piccess has been fF 
Froblem areas will be discussed. 

Presert CNO directives giv? priority to 
systems but communications Wyss ie 2S Try 
caticrs as such are not a main missicn o 
Sempated tO anti-=air warfare {AAN), anti-~-su 
fly, Cl anti-susfiace warfare (ASUW), a4< 
fteecrm his command and control fuaczion 


Semaunicaticns support. 


ioe M@ajct pecbhbies an placing communicati 
eon te i= the ilimpted amount cf teal 28a 
used. Cr jand, a Neval Communications Steti. 


its receiving an 
cae lond. 
be 


to place 


coulda have 


by miles A Navy ship doés not have 


Flaces must found amid the cthesr 


Sostr¢uctions COMMIS eee .o hf 
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system analyses of the AEGIS combat system including 
Computer Simulation cf radar blcckage by shig's superstruc- 
ture akcard the CG-47, CSGN, CGN-9, and CGN-42, suggests 
pad t 


During hi design one may have to decide betweer 
several] fir COuerenmcaadas come eg ure clOons 2n Which one 
af radars are blocked. SOnsoqiew ety, 1 t wc 


f 
or mcre o s _ : z 
y develcp metheds by which the blockage car 

Soi 9seo. 7] ). 


Etecrtecc a brass peodei being built, Lt appears that a 
ship's tepside configuration nas already been 
NAVSEA such that the cnly thing that can be done by NAVELEX 
3s te place the ccmmunications antennas around ther as 
Meweelex*= crass model study 1s done using <che initia 
mems1ce CCniiguratior done by NAVSSHA. However, Ss2veral 

4 


iterations may take place tEefore a final design is agrees 


eon, as in Elocks 4-7 of figure 3.2, the NAVSEA design téan 
memeene SEM/SHAPM Can move eilemsnzs around such as ercculsion 
Beacks, wearcns launchers and ladders. Therefore, the final 
topsice czsign could vary markedly from the configuratica 
used for tne modsl study. Althouga calculated impacts tay 
B= acre, che Of the teasons fcr the brass model study is its 


fewer Ory ci fairly ac 
ELass mcdei studies mcdel the iead ship cf a clas 

These studies are no 9 s 

= planned. Hs 


n a 
Megd= wnen LOliow-on ships cf anew class get minor chana: 


Bad= tc thea. Pecos comet cVe Shae eVeTy Shiv is 3a 

Meee cils> Class hat a topside coniiguraticn ¢c close =o 

mee CL the lead shift that tolilow on modei studies are nox 
re 


moe SHAPN7SDN dces not have <9 use any 
femecd tOpsacde ccnficurations given 


2) se akin 
erfort was expended on careful <tradéeorfs and ccemnpromiseas 


4Q 





waco the Seon Ae cee D2 “enanged eso sult scmecne's 


r 
idea cf wh uid look iike. 

The ID Heda 2re eh important arena ian which to 
discuss fossible pretlems. Design ceams from different 
NAVSEA qrcurs (stch as hu 7) and vecnbas 
systems) and NAVELEX (répresenting the 
and ccmmuricaticrs systems) try to dete 
Bees Elaced compatitiy. If a possid 


mie 
between two systems, tha system with the higher 
et 


Will usuaiiy win out. This may not always 4b h 

moescive things . S@temon cone conse lices should be investi- 
Oteed tc detérmire tke extent of the problem before a final 
decisicn is made. 

MpOudr Tagurec S22 shows the genezal steps taken in - 
topside design crocéss, there appears «wc be no check cf 
list cr fermal agréerent on how things get dene. Whatever 
Mepagone is accepted as "standard practice", This way werk 
as lcrg as there arte peonlie et NAVSEA and NAVELEX who nave 
Many years cf <xperience but what will havopéen when they 
memerece AcCCOrGi4rg to [r. x. Lsopold [Ref. 20: p. 41), Eton 
feet eo 1952 the Bureau of Ships (BUSHISS) (200m, “WH2ch 
evolved NAVSEA) Mieeiees) =9ga neces trom 52 Ynivetsitices, 
[rect Whem are in ieacding positions with NAVSEA. in 1977, 


, 
NAVSEC (the shin design arm which marcged into NAVSEA in 
feweoy could Only hire 25 Engin2ers in Training {EITs). 

There seems to Fe 4 de-émphasis on in-house technical 
meen wach 72h OL the work being contracted cut in 1978-79 
meet. 21: p. 105]. 


mmm tetTg2 Cont=actcrs aS well as do their owr 


He 


Tha in-house péopl2e have had te manage 


ig Cc 
WOrk with the result being that cnly about 10% of the work 


done in-heuse was of a technical nature. There may ce no 
Froblew presently if experienced people are dceing 
Wwiill the new pecple who 


che 
Ganaging, but h are ccming in ¢ach 
af : 


e) 
year, as small as their numbers are, gain 
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‘ 


Soosetescewwien Sc Much Concentration on Outside contracting 
and the tatagement cf it. There wiil so 
competent NAVSEA managers who poss¢ss 
and experience required of tcday*s managérs. Gore 
the Navy's ability <c design ships, Mr. Wliliam d. eight Il Ue 
Seep, Marine Co. stated that 


In 1970, when the design that became the FFG-7 was first 
Beene cGOnSsidered, the Navy in-house saip design orgaii- 
meticnh hed not d¢signed a SUITaACE COoMmbatan= Fer 10 
maisoeme Lc Slingis package proCcuUrSmen= proccess was still 
very much in vegue, and preparations were being mais te 
aus the new OF by the sam2 process [Refs 22: 9». 


Mc. Hundley was acting Chier Naval architect at tne tixe and 

went cn tc say 
Arter 1C Senceor Fle-= (SUDDOES Engineering end mneni= 
@oting cf desicns Esing pericormed by Other agencizts, it 
Was béccming very apparéat that unless th? procurement 
process waS change Ard stoma VY  s Sheps dessa gued 
mi ecusée again the ship design capability ci tne navy 
would fre rapidly HEeSt. 

Meeilcary Standards (MIL STD*s)} need quicker and mere 
Meeguen< Up datin Paresh ea nw elcas. [Rer. 23: es 
States that the MII-STD-461A Characteristics Requirements 
Meme EGUIEMent revisicn was started in May 1975. jhe es 


versicn was scheduled to be out 29 J 


a 
SempeeeycartsS Cl revisicn. It was tinally pubii:shed ik April 
ac 


V30. Cne noted reason for da@lay 1s that if aa =o vee 
unable te resolve a disagreement, the probism 2s r=crwarded 


fecede cnet althority which could add ¢ix Meeks te the 
schedule. 

MeEe 9 TL 356 (Naval PE -cesonlG., LanecsactOry Center 
Technical Decument-the command is now known as the Nav 
Meean System Center, NOSC) or 1 Sep 74 is one document thar 
could use an update as it 15 4 primary source of guidarcs 


meee lacing shipboard antennas. 
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Gevernment Furnished Equipment (GFE) vers 
Furnished Eguipment (CFE&) couid be a op 
ecntractcr scmetimes has the lati : 
Gener than GFE. This may lead to £1 
Bainterarce is difficult cr e2quipment am 
Spares are not availatie. 

MGECGECIUGeCOmpaRetie 23. Pe 2-12] there is nO One source 
Mmeae fas ali the EMI data on GFE, it 1s scattered ¢t 
meet VItles. Gmiene F=—is aztcraft program, data on the 31 


major GFE's had to be coilected from 7 Navy technical activ- 


meas. Valuable tigze can be wasted trying to locat2 what 
facility has what data. The longer it takes to acquire the 


Me-oec infciItaticn, the longer it will be befer2 preductivse 


WwOCTK can ce started. 
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[ies plte. OCLeehe © 
@oeng the tcrside d 
Can easily arise after tne ship has been 
tion. Mest cf these frebiems are due not to d¢s 
lack ct knowledge on the part of the users of ths vari 
commuricaticns ard radac systems. 

Cne source of IM proodiems arises fErem the trash left on 
@ecks. Things such as soda cans and fois wrappers can cause 
Pavoc when transmitting systems are turned on; especially 
when the shir is operating in less than ideal sea state and 
Meerieneccii:=1O025.  ketlecticns off of moving opnjéects, such 
moempeeis nha Scda Cans, C2=n cause false or Lnaccurets readings 
Ga «cecez vying systems. 

Meimaeenance, Or ine lack of it, Nema) paeman ¥ Gallcc. Of 


fe .cl1as SOW ano = an 


a 
rrobleas. ersonnel assigned to do the job are net always 
mee rrichtest cr people and their a 

D 


assigned chcres ima SEC OL OMT C icc res 
re 


y not enrance a Sni 
Bein < Y. It caref 


S 
Plone OsUnG 825 fot done, sven a 
itive effect. EOS 
€é antenna 
Ssysten. AL inspecticr. sheved the 


=ne (Lan 
C 


d 

m O 
M@eeeamnd tO Ce in Vety gocd condition but tne agssc 

EAOrting wires had been neglected aepa m 

W 


Ss 
Mexaatenance perscnnel did not tnink che shertang 


Fart cf the anterna system. 


Scme equipment, especially those with EMI shielding 
inside the case, Sewn evdercCdemicaewwleh a Lazge lumber of 
screws. Often when maintenance or a repa 


ch the an Gn “egtirpness, not al) of the 


Qu 





She practice of fastening only one or t¥c retainers cn a 
MecrechOrdaWen, ) OL CL tightening cnly one or wo ¢crews 
Bomnold a side or tack panel, will invariably tesult if 
Be IGSs Cr effective EMT shielding DOeh chow waen i, end 
intc, the equipment {Ref. 13: p. 6-4). 


When a skip kas what it thinks is an EMC-related preblen 
that shirc's company cannet solve, assistance can be scught 
from the type commander (TYCOM) or a nearby mobiie cechnical 


wee (MCTOU). This can be done on S informal @ pasis a@€ a 


pp 


melcprcr<s call. (ec cmeSOUEG? Gz: =he problem is €cund, 
recommendaticns are made +o the ship on now best *o proces. 
If a piece of ¢quipment 1S recommended to Ee rercrted 


defective via a casualty revert (CASREET), the Shlid aust 


take the initiative in sending out the nessage. HOWEVECL, 
according <t¢ peérsecnnel associated with the waterfront 


1 
Mereccti ve action prcgqram (WCAP) at MOTU 5 located in San 


9 


Mee-oc, Calziccnia, scne commanding officsrs are reluctaLrt! to 
Beemer cut CASRSPTS urless the saip cannot functicn screperl 
- 


witheut the piece cf equipment. In contrast, if 


mu 
r Cc 
- 
Oo 
Lt 


Seea Cl Eciiler were defective and the ship could net carr 
cut its assigned missions, thos? probiems weuld be rescrted. 
But, if a pisce cf ccommunicaticn 2quipment w 
Mmmeerraliy detccesye and the ship couid still carry cut its 
eee LyY @assions, tre communications 2guipment Would net be 
reported. 

meme tcelang “apesecars to be that if everything that was 
defective was reported via a CASREPT, =nere would be se many 
mae at wWeuld leck bad for tne ship. This appears tc be the 
meson chet SOmMe CCuMmanding cfficers tzy te 
mamoer CL CASREPTIS Sent out. As a resui 
equipment may never function properly ob 
receive the apprepriate attention given a 

Additicnal equipment chat was not taken into acc 
@ueane the design phese is often added tc 


Bemeccs ci tine. This cculd cause £MI pronlens aque +0 
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Preece iIGr= —Citmecrt, the Madded equipment cr déecradaticn in 
existing systems due to blockages caused by the a 
egquipugert. 

When a ship is designed, it is done with just a general 
Bian if Gind. Désigners are far removed ‘from the precess 
which determines which ship serves in the Atlantic or 
Facific area. Depending on which coast a ship is homeported 
to, different external pieces of gear may be added. 

Mesecktalittec, Ships Serving on the Atlantic coas® makes 
deployment tours to the Mediterranean area. One Ge on 
requirements when in a Mediterranean port is to hang strings 
Sumer gnis £rom the bew up the mast and down to the stern of 
es Shite These are calied Med lights and ar2 put up only 
wnen in port and taken down when the ship leaves for. 
BUting tke time a ship is in port tae Strings of wires used 
EOr the WED lights cén cause problems fer a ship's ccmmuni- 
caticns systems. Remco Vector n=e.e arother artenna, 
they can reradiate transmissions the ship may send cust and 
Meemercer fete With tre OLliginal transmissicns. 

When Matines are embarked om amphibious ships, they 
kave thsir cw ccmmunications reguirements. Sometines the 
Fost shir will rot kave enough a 
requirements so the Marines ask fo 
Cwnh gear to that of the ship's. When verni 
Soom the aprropriate authority, UHF and VHF equipmen= may be 
added tc that of the ship's existing inventory of equipment. 

mers NOc nard te concelv> cr the possible orcbiems thax say 
Secur. 

Eroadktand communication a 
Pystallaticn on koard ships but 
eae SULPELStructure, che data o! 

c 2 


memoo Longe> valid for pla 


a var 
gular basis. Cul fess pave been 
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moceled Eut quite crten the model that is prépared 
reflects proposed HOd@mmizatiO1 Or propesed Shivalt 
et alteraticn) ackages which are not completed in 
total cr are deferred, with the end resuit that tne shir 
and the mcedel xo aeaees agree [ Ref. 24: p. 43]. 

Tuo classes cf ships which have had probiems with their 


mnas are the CG-27 and oODG-2 classes. The 


y 
Erass acdéls of these classes were updated in order to 
p 


develcr réew impedance matching requirements or a new anterné 
céSidn. 
However, because roth of caese ee were also Ssiated 
EOE mejce Megea CazateOns, the  imeedaace Tatcniag 
requirements were yede lea against The Future COWanGura = 
ticn cf the ship. As a consequence, he Ships antered 
Industrial upkeep cericis and nad their poor ly operating 
Ewan far antennes crsstored to like new ccncition and 
MerUrneo to the Lfilcet with pocrly matchec impedance Tas 
Mec, result «Oo the ship was degraded operation which 
iemiscs JcnGg haul cecsmunication capability [Ref. 24: 0». 
43). 
BOeSsteatel SE The careiul process us2d in the desic¢cn fheéese 
fer fplacine systems and ennas on beard ae =~°s 
n Cc 


IF 
y 
sometimes nen-electrcnagnse 
Cc 
iu 


FSquilrements are ccrwrrotised. 

Pe acciticn, hang2¢ can be mad to a design without NAVSZEA 

knowledges. BEB wcuLewl ag: «Xampies Gilustrate =he btacad 
Mecure Cl the preoied. 

WeneeA rGeclass Sfip (This shiz is no Jlenger in service) 

Was medified ky somecrné who tncugdnt it woulda Icok 

Were Sereanicited 15 the whip antenna in Erent of the 


was in fo iectcmmocoolems cccurred when he 
SrsOmeaas at a Standstill. Then the het exhaust 
Sising from <hé stack would heat the anterna te teup- 
elaivures Over 500 degres¢s causing breakage. The 
prceblem was sclved by going back tec the crigqizral 
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OneeGeursets Of Ghe Leany Class, 
(CGN 35); 


Ecw mounted discone 


(CG 16 ce 2ul\e che 


fauxcuieeGlass, and  =he Cateter=&- Cless 
(CGN 36-37), 


position that they obstructed the ictward 


antennas wer? piaced 
in such a 
missile launcher, {Ref. 25: p. 3}. 
The USS Cem 2a 


credestal-sounted receivirg antenna which was directly 


= on = pd "4 2 a = 
was ic cec Wie: a 


Eaintridge, 


Mecaced (awreeETGReE (Of 2fS EOEWard misS®2e¢ lLat@ener. 
Piet enc. oe 2 |c 


The Eelknap Class cruisers (CG 26 tc 34), were firtxec 


(emo UccoO-whltE antenna On the 2anteil the 
vioiated the clear space = 06 5 


Sequizrement of the 
Z 


5 
Suueelecated aftion the helo aecx, {Refs 25: p. 3 
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The ever increasing magnitude Of che SEN. - pecklen 
Bequares that 1£ we are to have 4 properly fu 
for the fleet, we aust find the funds to deo whatever is 
necessary tO ensure an Savacrcnnes: dn which derpicyed 
equipment can operate as they were intena 

Funds are needed for an all-encompassing EMI data base 
to stcre and update EMC related proplens. Time would be 
Saved ty many activities in being abie to retrieve infcrma- 
tion frcem the one deta pase. NAVSEA already has a SEMCIP 


date base of reported fleet EMI problems so an expansicn ci 


thai. is a pessibility. (emo ene mer! ofbicr mation, such as 
moa cn CFE, adced tec it, the SEMCIP Gata sase could be 4 


@g= stcep clearing house of EM information. However, rfunding 
wilt. ke needed tc expand the data base, keep it 

and tc méke the intortmation more readily availab Cc 

feeses cCleser to the fleet such as the HOTUs and NWavai 
ememvat-ds.  Sincs many cx the problems would ke o 
fied rature, it may ke necessary to ¢esctanlish as 
network, pcssibly using the proposed Defense Da 
(DDN), that would erable the MOTUS ready access 
fay <c the EMI data. 


Eucget limitatiors have prevented updates to specifica- 
tions. MTnese Pca: ace Lmportant because currert cnes are 
@uc cf date {Ref. 262 jp. 2 mean Az presen, acquisczticon 
Managers cannot rely cn the milicary standards to adequately 
ccntrcl EMT design on néw procurements. Funding is needed 
roth to update military standards and keep them up to date. 

Meiccmcc seme DEOtlens that cccur arte= a shir kés been 
Meee. CCUld peckaoly pe solved by training and educaticn. 
NAVSEA is leading the way with programs like SEMCIF kut 
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training is a never ending Erccess that the Navy must expand 
up On. It should include evexyoné on board ship since each 
fjadividual can have a detrimental effect on the electronic 
Systems cf the ship withcut being conscious of it. Adsquate 
funds must tke provided se that all personnel will receive 


me DLOper training. 
Additional funds for studies b a 
which aré identified at the IDTET reetings shculd be made «+c 
Beovide actual data cn which to b 
Srechaic if tha etudy done on the USS Long Beach (CGN-S), 
wnere NAVSEA recently tasked gohns Hopkins University 
Applied Ehysics Lab to assess the interference effects cr 
the ANySRC-16 fan antenna wich 2ach o 
RoEG-55E radar. This snip was s 
because it was underacing ar overneul @¢ the time. 
Brass mecei studies shoula be u 
initial céesign ard te ev ang 
Senciguraticn. Ph2ie woulda help <e@surs EMC requirements are 
relnc met. 
As has kééen shown eariltez, ths eman 
caticns Systen 
versa, there 


O n 
mmeated 4S a system cr an equal basis with 


instead cf being ust added on where eéver pessible, 
Therefc use of the Knowledge gained by NOSC frem medel 
Studies shculd ts expanded. If advice is sought trom 
NAVELEX/NCSC earlier in the design phase, (ING h, DSslel eerie 
Imitiai ccnfiguraticr is used for the brass node] study) the 
Senmmunications antenras could be betzer integrated inte the 
beace Rent Erccess. 

Felicwing the récommendations of eae Mangulis in 
{Ref. 19], wethcds to grade all typss of radar iockage 

c 


should re develored. The bicckage 


esign enginesre a tetter idea of how the 
Poe esS LIfacts en the operational capabili-y of a systen. 
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SwreGcecone sm ripamedesign depends on the SHAPZ/SIN, ne 
should ce krought into the prcecess 2arlier so that when 
recommended configurations are forwarded, tne iikelitneed cf 
apprcval will be enhanced. This should alse help speeé ap 
the design process ky reducing the number of iteraticns 
after the SHAPM recéives the result 

A greater emphasis shculd be put on in-house a 
the training needed to accomplish it while know 


t-4- 


Perscnnei are still in government servic 
A checkoff list should te develicned sec that ne area of 
Mee cy 25 left cut cf the decision process. For ¢€xamcla, 


MReit. 27), suggests that 


Pricr tc NAVSEA 06 approval of 4 topside d¢esian/antenna 
atrengéement fer New (Gens erucceon, Conversions, and 
Modérnizations of Seed Ce esis s as ecommended by 
NAVELEX/NCSC, @ review of The recommended Cesigr 
(shculc) bewcouducroaeby DOLD NAVSEA Coc= 61 (Comcas 
Systems Engineering Group ana NAVSEA Cod] 62. {(Surrace 
Warfare Systems Group). This method weuld permicz 
Bee cost y CECT eCD Te sdedrardesom D2CDacnNS Selly cr anc 
potentially reduce cos= anid scneauis impaccs. 


WOULG ensure that gtrcups whose systems are in 
Mepelde cenfiguraticn or a ship would be aw 
mee ne cesSicn precess. Hopezully, better sy 
at iceower costs should be @ major zesult. 


tavcmuatacel vr recc MUCh Can be done about the iilzired 


amount cr spacé cn beard 2a shiv. Zt is, however, ctessinbie 
Bomeitnhe= lcwer the cequirements for smalier Snips such as 
Seevondg up an aASW or AAW capability or, Biwenoe. pPLeves 
Medea tbic,) co =xpecz to build ships that are large enough 
an length tc acccmmodate the required systems. 

Ss 


n 
GE& sheuld be specified in ail ship 
Minimiz= futuze EMI problems. AS 


an a 
peemerct GGChukel CCneractors pighs be appropria<e. 


ont 





Degradation caused by the placement cf extra squicnent 


(D 


cn Shifs atter they have become operaticnal Enculds b 
ninimized. Because sO many Ships may have such eguictmens 
add¢d to theizr topside decks, it may behoove ‘the design 
engineers te consider the possibility and to allow srace for 


additicnal tempcrary €quipment in an arsa thaz wiil have tn 


() 


feast ifitact tO the present configuration. 


ae 
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